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 ABSTRACT 
 
This study was conducted during two seasons (2004 - 2005) in Al Ein and 
Dilling forest circle.350 trees of Acacia mellifera and 150 trees of Acacia 
nilotica were selected randomly in both circles in order to develop 
volume and biomass equations through studying the relationships 
between tree volume, tree biomass, tree diameter, average crown 
diameter, tree height and tree crown height. 
The objective of the study is to provide management tools for Acacia 
nilotica and Acacia mellifera in Kordofan so as to enhance their 
sustainability and to minimize the forest inventory costs.  
For Acacia mellifera diameter at ground level, tree height, average crown 
diameter and crown height of the selected trees were measured. All 
selected trees were felled and sectioned into logs. Logs were arranged 
into two diameter classes (more than two-centimeter and less than 2 cm).   
Length and mid diameter of logs were measured and the actual volume 
was calculated for each log. Logs of each tree were weighed to determine 
fresh biomass.  
Samples from different parts of the tree were used to determine the fresh 
and oven dry biomass.  
For Acacia nilotica diameter at breast height, tree height, average crown 
diameter and crown height of the selected trees were measured. All 
selected trees were felled and sectioned. Mid diameters of each section 
was measured. Tree biomass was calculated in the same way as with 
Acacia mellifera. 
Regression relationships were investigated between tree volume, tree 
biomass and other measurable parameters for both species. The results 
show that, for both species significant correlations were found between 
tree volume and tree biomass and other parameters such as crown 
 diameter, crown height, diameter at ground level (Kitir), diameter at 
breast height (Sunut) and tree height Al Ein volume and biomass 
equations developed Testing in Dilling area indicate that the best fitness 
of such equations depends on the parameter used to predict tree volume 
and biomass. However, the fitness of developed A. nilotica volume and 
biomass equation is better than those developed for Acacia mellifera. 
 
  اﻟﺨﻼﺻﺔ
 
 
  ﺑﻐﺎﺑѧѧﺔ اﻟﻌѧѧﻴﻦ اﻟﻤﺤﺠѧѧﻮزة وداﺋѧѧﺮة ﻏﺎﺑѧѧﺎت 5002 -4002ﺗѧѧﻢ إﺟѧѧﺮاء هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ ﺧѧѧﻼل ﻋѧѧﺎﻣﻲ     
 ﺷѧѧﺠﺮة ﺳѧѧﻨﻂ 051وﻋѧѧﺪد ( arefillem aicacA)  ﺷѧѧﺠﺮة آﺘѧѧﺮ053اﻟѧѧﺪﻟﻨﺞ وﻗѧѧﺪ ﺗѧѧﻢ اﺧﺘﻴѧѧﺎر ﻋѧѧﺪد 
ﺑﺼﻮرة ﻋﺸﻮاﺋﻴﺔ ﺑﺎﻟﻤﻨﻄﻘﺘﻴﻦ وذﻟѧﻚ ﺑﻐѧﺮض ﺧﻠѧﻖ ﻋﻼﻗѧﺔ ﺑѧﻴﻦ ﺣﺠѧﻢ اﻟѧﺸﺠﺮة ( acitolin aicacA)
ﺔ ﻣﻦ ﺧﻼل دراﺳﺔ أﻗﻄﺎر اﻷﺷﺠﺎر وﻣﺘﻮﺳﻂ أﻗﻄﺎر ﺗﻴﺠﺎﻧﻬѧﺎ وأﻃѧﻮال اﻷﺷѧﺠﺎر وارﺗﻔѧﺎع واﻟﻜﺘﻠﺔ اﻟﺤﻴ 
  .ﺗﻴﺠﺎﻧﻬﺎ
  
  
اﻟﻬﺪف اﻻﺳﺎﺳﻰ ﻣﻦ هﺬﻩ اﻟﺪراﺳѧﺔ،هﻮ اﺑﺘﻜѧﺎر ﻃѧﺮق ﺟﺪﻳѧﺪة ﻹدارة ﻏﺎﺑѧﺎت اﻟﻜﺘѧﺮ واﻟѧﺴﻨﻂ ﺑﻤﻨﻄﻘѧﺔ    
  .آﺮدﻓﺎن وﺻﻮًﻻ ﻟﻤﺒﺪأ اﺳﺘﺪاﻣﺔ إﻧﺘﺎﺟﻬﺎ وﺗﻘﻠﻴﻞ ﺗﻜﻠﻔﺔ ﻋﻤﻠﻴﺎت إدارﺗﻬﺎ ﻓﻨﻴًﺎ
 اﻟﻤﺒﺪﺋﻴﺔ ﻋﻠﻰ اﻷﺷѧﺠﺎر اﻟﻤﻨﺘﻘѧﺎة ﻋѧﺸﻮاﺋﻴًﺎ وهѧﻰ واﻗﻔѧﺔ ﺛѧﻢ أﺟﺮﻳѧﺖ ﻗﻴﺎﺳѧﺎت أﺧѧﺮى ﺗﻤﺖ آﻞ اﻟﻘﻴﺎﺳﺎت 
  :ﻋﻠﻰ ﻧﻔﺲ اﻷﺷﺠﺎر ﺑﻌﺪ ﻗﻄﻌﻬﺎ وﺗﻔﺼﻴﻠﻬﺎ وذﻟﻚ ﻋﻠﻰ اﻟﻨﺤﻮ اﻟﺘﺎﻟﻲ
ﺗﻢ ﻗﻴﺎس ﻗﻄﺮ آﻞ ﺷﺠﺮة ﻋﻠﻰ ﻣѧﺴﺘﻮى ﺳѧﻄﺢ اﻷرض،وﻗﻴѧﺎس اﻟﻄѧﻮل اﻟﻜﻠѧﻰ : ﺑﺎﻟﻨﺴﺒﺔ ﻷﺷﺠﺎر اﻟﻜﺘﺮ 
  .ﻟﻜﻞ ﺷﺠﺮة ، ﻣﺘﻮﺳﻂ ﻗﻄﺮ اﻟﺘﺎج وارﺗﻔﺎع اﻟﺘﺎج
  
  
ﻣﻊ ﺗﺼﻨﻴﻔﻬﺎ إﻟѧﻰ ﻣѧﺴﺘﻮﻳﻴﻦ ﻣѧﻦ ( ﻣﻘﺎﻃﻊ) ﺗﻢ ﻗﻄﻊ آﻞ اﻷﺷﺠﺎر اﻟﺘﻲ ﺗﻢ اﺧﺘﻴﺎرهﺎ وﻗﺴﻤﺖ إﻟﻰ آﺘﻞ    
، وﻣﻦ ﺛﻢ ﻗﻴﺴﺖ أﻃﻮال اﻟﻜﺘﻞ وأﻗﻄﺎرهѧﺎ ﻋﻨѧﺪ ﻣﻨﺘѧﺼﻒ آѧﻞ ( ﺳﻢ 2ﺳﻢ واﻗﻞ ﻣﻦ 2أآﺜﺮ ﻣﻦ ) اﻷﻗﻄﺎر
آﺘﻠﺔ وﺑﺎﻟﺘﺎﻟﻲ ﺗﻢ ﺣѧﺴﺎب اﻟﺤﺠѧﻢ اﻟﻜﻠѧﻰ ﻟﻜѧﻞ آﺘﻠѧﺔ ﻋﻠﻤѧًﺎ ﺑѧﺄن آﺘѧﻞ آѧﻞ ﺷѧﺠﺮة ﻗѧﺪ ﺗѧﻢ وزﻧﻬѧﺎ ﻋﻠѧﻰ ﺣѧﺪة 
  . ﺔ وزﻧﻬﺎ وهﻰ ﺧﻀﺮاء ﻣﻊ إدﺧﺎﻟﻬﺎ اﻟﻔﺮن ﻟﻤﻌﺮﻓﺔ اﻟﻮزن اﻟﺠﺎفﻟﻤﻌﺮﻓ
  
ﺑﺎﻟﻨﺴﺒﺔ ﻷﺷﺠﺎر اﻟﺴﻨﻂ اﻟﻤﺨﺘﺎرة، ﺗﻢ ﻗﻴﺎس ﻗﻄﺮ آﻞ ﺷﺠﺮة ﻋﻨѧﺪ ﻣѧﺴﺘﻮى اﻟѧﺼﺪر، اﻻرﺗﻔѧﺎع اﻟﻜﻠѧﻰ    
  .ﻟﻜﻞ ﺷﺠﺮة ، ﻣﺘﻮﺳﻂ ﻗﻄﺮ اﻟﺘﺎج، واﻻرﺗﻔﺎع اﻟﻜﻠﻰ ﻟﻠﺘﺎج
ﻘﻴﺎﺳﺎت اﻟﺘѧﻲ أﺟﺮﻳѧﺖ ﻋﻠѧﻰ ﺗﻢ ﻗﻄﻊ آﻞ اﻷﺷﺠﺎر اﻟﻤﺨﺘﺎرة وﻓﺼﻠﺖ أﻳﻀﺎ إﻟﻰ آﺘﻞ وﺗﻢ إﺟﺮاء ﻧﻔﺲ اﻟ 
  . ﺷﺠﺮة اﻟﻜﺘﺮ
  
  
أﻇﻬѧﺮت ﻧﺘѧﺎﺋﺞ اﻟﻌﻼﻗѧﺎت اﻟﺨﻄﻴѧﺔ اﻟﺘѧﻲ ﺗѧﻢ إﺟﺮاﺋﻬѧﺎ، أن هﻨﺎﻟѧﻚ راﺑﻄѧﺔ ﻗﻮﻳѧﺔ ﺑѧﻴﻦ اﻟﺤﺠѧﻢ واﻟѧﻮزن    
آѧﺬﻟﻚ أوﺿѧﺤﺖ اﻟﻨﺘѧﺎﺋﺞ . وﻗﻄﺮ اﻟﺴﺎق وﻣﺘﻮﺳѧﻂ ﻗﻄѧﺮ اﻟﺘѧﺎج وﻃѧﻮل اﻟﺘѧﺎج وﻃѧﻮل اﻟѧﺸﺠﺮة ﻟﻠﻨѧﻮﻋﻴﻦ 
ت ﺗﺘﻮﻗﻒ ﻋﻠﻰ ﻗﻴﺎﺳﺎت ﺑﻌﺾ اﻟﻤﻌﻄﻴѧﺎت اﻟﻤﺴﺘﻘﺎة ﻣﻦ اﻟﻤﻌﺎدﻻت اﻟﺘﻲ ﺗﻢ إﺟﺮاﺋﻬﺎ  أن اﻧﺴﺐ اﻟﻤﻌﺎدﻻ 
  .   اﻟﺘﻲ ﺗﻢ اﺳﺘﺨﺪاﻣﻬﺎ ﻟﻠﺘﻨﺒﺆ ﺑﺈﺣﺠﺎم اﻷﺷﺠﺎر وآﺘﻠﺘﻬﺎ اﻟﺤﻴﺔ( اﻟﺪوال) 
  
  
  
CHAPTER I 
 
1. INTRODUCTION 
 
1.1 Background and justification 
In the Sudan the forestry sector contributes about 12% to the GDP. In 
addition to the direct benefits forests play an important role in 
environmental protection, soil amelioration, and work opportunities for 
the rural populations. Firewood and charcoal are the most tangible 
benefits that people of the Sudan get from their forests. 
In the Sudan, from mid 1960s onwards a decline of the forest growing 
stock has continued at an increasing rate as a result of land-use changes 
and mismanagement. The rate of consumption of forest products has 
increased to almost four times the annual allowable cut (FNC, 1996). The 
rate of deforestation and the forest depletion is almost 29 times the rate of 
present reforestation (Gaafar, 2005). 
 
The current situation of natural forest resources in the Sudano-Sahelian 
zone is severe and continuous land degradation. Natural forest resources 
are shrinking at an average annual rate of nearly 0.5 million. ha in the 
Sudan alone (Luukkanen and Gaafar, 2000). Soil erosion is the main 
problem leading to decline of crop productivity and environmental 
deterioration (El Siddig 1997). The history of Sudan forestry is the one of 
heavy exploitation of forest resources without rehabilitation or 
preservation. 
Proper forest management planning in the Sudan has been limited to very 
few areas, mainly plantations, which is less than 2% of the total reserved 
area (Bulgies and Gaafar 1997). Lack of concrete management plans is a 
main factor that leads to depletion of the forests in the Sudan, which in 
turn causes ecosystem disturbance over large areas. 
 The World Bank estimated that under present conditions and without 
improvement in resource management strategies, 10 million ha of natural 
savanna woodland will disappear by the turn of the century in the Sudan 
(El Siddig). 
Natural dry land forests can help in mitigating most of the economical, 
social and environmental problems if properly managed.  
The dramatic increase in human and livestock populations also call for 
better understanding of the remaining natural forest resources and their 
management and utilization, while increasing the overall productivity. 
Since 1984 drought and appearance of desertification problem, many 
changes took place, particularly in the field of forest policy and 
legislations. A new forest policy was drafted to accommodate the 
international changes with respect to environmental, economical, social, 
political and administrative aspects. The Forest Policy of 1986 and the 
Forest Act (1989) were revised in addition to adoption of many 
presidential and constitutional decrees in the field of forestry, 
environment and natural resources. This development emphasized the 
important role of the sustainable forest management as a tool for future 
development strategies.  
Forest Inventory and Analysis (FIA) collect, analyze, and report 
information on the status and trends of forests: how much forest exists, 
where it exists, who owns it, and how is it changing? 
The current approach of forests inventory is not cost-effective. Probably 
most of the existing designs of forest inventory are not optimal, since 
they are difficult to implement elsewhere, and they may not have 
maximized the information in the available samples. Forest inventory 
should be   easy to implement anywhere and should include methods that 
can maximize the information in the samples. If the costs associated with 
planning and conducting an inventory were taken into account, then an 
 approach based on a limited number of plots might be an attractive 
alternative for forest inventory (Guan et al)  
The purpose of designing an optimal inventory is to estimate the 
parameters of interest as accurately and precisely as possible under the 
constraints of budget and time. Thus, modifications are needed and 
results in as many optimal designs as there are forest inventories. Optimal 
forest inventory design must be simple to carry out (easy to be accepted 
by others) and the cost to implement is minimal in an absolute 
sense.(Guan et al…).If an inventory strategy can achieve the desired level 
of precision under the cost constraints, then such a strategy is optimal for 
that particular inventory. Thus, determining whether, a design is optimal 
amounts to determining whether the estimated standard error of an 
estimator meets the requirements (both precision and costs).  
1.2 Problem statement 
A. nilotica and A. mellifera are very important species in Kordofan in the 
protection of water resources and their contribution in fuel wood 
production. Mismanagement of these species led to degradation of many 
areas in Kordofan. It was found that development of volume and biomass 
models and needed inventory are time consuming and costly. Hence, 
Determination and estimation of volume and biomass of those tree 
species is of paramount importance for the purpose of sustainable 
management.  
 
1.3 Objective of the study 
The objective of the present study is to provide inventory tools which 
statistically valid, time saving and cost effective for Acacia nilotica and 
Acacia mellifera in Kordofan so as enhance their sustainability  
Specific objectives 
 To assist in designing an optimal cost-effective and time saving forests 
inventory for Acacia nilotica and Acacia millefra forests in kordofan.  
To develop regression volume and biomass models based on different 
tree parameters such as Height, DBH and Crown diameter for A. nilotica 
and Acacia mellifera at Al Ein forest reserve. 
To assess the validity, of developed models, through application of such 
model, for different sites. 
 
 
 CHAPTER II 
2. LITERATURE REVIEW 
2.1 General  
One of the first steps in planning any management activity on forested 
land is to conduct an inventory of the resources on the property. This 
inventory, often called a cruise, when used to estimate timber volume, it 
can range from a quick walk-through “eye-ball” estimate to the carefully 
planned and executed timber inventory designs used for industrial and 
government forest lands. The principal question that most timber 
inventories answer is what is the volume and value of the forest resource. 
Forest inventories also answer questions about the age and size structure 
and species composition of the existing forest (Tomppo, 2004). 
The increment of the growing stock of trees is estimated using field 
measurements from sample plots. The measurements are carried out at 
different levels of intensity, at tally tree level and sample tree level. A 
few characteristics, e.g. diameter, and tree species, are measured for tally 
trees, while more characteristics are measured for sample trees, e.g. 
diameter at breast height, height, and diameter and height increments (Le 
Blanc, 1990). 
Diameter at Breast Height (D.B.H) is usually measured for timber 
inventories. Because of the root swell at the base of a tree and Height is 
often but not always measured. Accurately measuring height takes a great 
deal of time per tree (Le Blanc, 1990). 
Bothering with the cost of an inventory is an important question that is 
hard to answer except generally. The forest inventory helps guide forest 
management decisions from an objective point of view. Management 
objectives can be defined in terms of volume and stand structure.  
 
 Unnecessary in estimating, tree volume. Larsen and Hann (1987) and in 
ecological field studies. They also are vital as a means to predict tree 
height growth and volume in growth-and-yield models (e.g., Hester et al. 
1989) and in ecological, process-based simulations of tree dynamics (e.g., 
Garman et al. 1992; Urban et al. 1993; Hansen et al., 1995). Such 
equations are especially important for the ecologically based model 
(Urban, 1993), which simulates tree growth over very long periods (500 
years or more) and is being used increasingly to evaluate ecological 
properties and dynamics of managed and natural stands in the Pacific 
Northwest (Garman et al. 1992; Hansen et al. 1993a, 1995; Urban et al. 
1993). 
Equations vary in underlying mathematical function, but generally are 
species-specific and are generated from regression analysis of empirical 
observations. Height-diameter equations, based on, non-asymptotic func-
tions. (e.g., USDA Forest Service 1985a; Larsen and Hann, 1987; Wang 
and Hann 1988). And even second-order polynomial equations (e.g., 
McDonald 1983; Dale and Hemstrom 1984) provide reasonable 
predictions in modeling  
Forest inventories provide efficient, compatible, and statistically valid 
data bases that describe the forest resource, its condition, and trends for 
use in developing the forest plan. Conduct forest inventories primarily to 
collect data describing the tree components on forested lands. 
Growth models are vitally important for forest management planning. 
Forecasting the growth and yield of individual stands is a prerequisite for 
planning the management of forest at any level. There for the managers 
need to have appreciation of the various growth modeling techniques and 
their limitations.  
 
 Crown depth is the length along the main axis from the tree tip to the base 
of the crown. This length is normally determined using a hypsometer to 
determine the heights of the two points. (Cris, 1999). 
Growth and mortality probabilities for each tree are experessed as 
functions of their dimensions and of the relative position and dimensions 
of their neighbors. Relative examples include Van laar (1969), Mitchell 
(1975).     
2.2 Height/ Site Models 
For a model to adequately characterize tree growth, it must include some 
measure of site quality, because site quality determines potential site 
productivity (Spurr and Barnes, (1980)). In western forests, site quality 
has been primarily expressed by site index (SI) Tesch, (1981). 
Height increment was modeled as a function of tree size, vigor, and 
competition by using available water index (AWI) and SI separately as 
site quality indicators in the same equation form. A height increment 
equation was used to determine the effects of site quality and competing 
herbaceous vegetation on the development of Ponderosa pine seedlings 
(Pinus ponderosa var. scopulorum Engelm.) Fabian C.C. Uzoh,(1999). 
The diameter of the tree of the median basal area, stand basal area, 
geographical location of the stand, and site quality were used as fixed 
independent variables in explaining the variation in the intercept. The 
diameter of the tree of the median basal area and the stand basal area 
were used in explaining the variation in the slope. (Hannu Hijkkii, 1997). 
2.3 Height/ DBH Models 
Associations in bivariate modelling are usually investigated in forestry to 
boost the reliability of prediction to save cost and time spent in data 
collection. According to Okojie (1985) and Vanclay (1989 and 1995), 
these models are useful in investigating different rules for logging and 
silvicultural treatment. Regression analysis is one of the tools usually 
 employed to investigate the nature of the association between two or 
more variables via models (equations) (Dauda et al. 2004). 
The modeling of tree height growth can be one component of an 
individual tree model. However, the lack of successive height 
measurements of the same tree is commonly forcing the use of 
compatible height projection equations and height–diameter prediction 
equations (Lynch and Murphy, 1995).      
Height–diameter equations can be used to predict tree height and to 
estimate the change in crown ratio ( Maguire and Hann, 1990).           
Height – DBH relationships may reflect differential responses to changes 
in height quality and quantity (Ballare et al., 1990-1991). 
A height – diameter model developed for loblolly pine by Borders and 
Patterson (1990) and subsequently applied to Young Douglas – fir by 
Knowe (1994) based on dominant height and relative diameter, was 
considered for eastern cottonwood. 
Many nonlinear models have been used to model tree height-diameter 
relationships (e.g., Huang et al. (1992), Moore et al. (1996), Zhang 
(1997), Fang and Bailey 1998, Peng (1999), Fekedulegn et al. (1999). 
Height–diameter equations can be of local application or can have a more 
generalized use (Tome´, (1988). The first type is normally only dependent 
on tree 
2.4 Crown Models 
The size of a tree crown is strongly correlated with the growth of the tree. 
The crown displays the leaves to allow capture of radiant energy for 
photosynthesis. Thus, measurement of the tree crown is often made to 
assist in the quantification and understanding of the growth of the tree. 
The biomass of the crown and the quantity and quality of the branch 
material, however, is also of direct interest to ecological studies and 
research into the effects of trees on pollution. The crown also has great 
 visual impact. This impact is important in urban forests, because it will 
affect the perceived beauty of a tree (Cris Brack, 1999).         
There is a strong linear relationship between crown width and bole 
diameter. This relationship, expressed as a ratio of crown width to 
diameter at breast height, is called the crown ratio (Cris Brack, 1999).         
For many species, occurring in open-grown, even-aged stands, crown 
diameter is closely correlated with stem dbh over bark. For example, 
(Leech (1984)) found that crown width for open-grown radiata pine in 
South Australia is linearly related to tree dbh over bark and that the 
relationship is independent of site quality. For 109 observations, the 
weighted estimate of the relationship established was:  
  CW = 0.7544 + 0.2073 d 
         
Where CW is crown width (m) and d is dbhob (cm) 
Leech's model can be used as the base for an index of stand density called 
Crown Competition Factor (CCF) which he suggests may be useful in 
studies of the growth and yield of radiata pine because the CCF is 
independent of age and site.   
Light models provide an interesting way to analyses the influence of the 
forest canopy on under story biological processes but need a detailed 
description of tree crowns, requiring many field measurements. In Leech 
model it proposes supplying light models with only stem diameter and 
tree position and reconstructing crowns using diameter-related allometric 
relations. First, the diameter-related relations for total height, crown base 
height and mean crown radius were established for each species.         
(Alexandre et al 2004). In preparation of the Al Ein forest working plan it 
was found that there was strong correlation between tree height and 
crown diameter. 
  Ht  = - 0.4193 + 0.84776 CD 
(R2 = 0.78) (Kordofan technical sector 2003). 
Measurement of the tree crown is often made to assist in the 
quantification and understanding of the growth of the tree. (Cris, 1999). 
Projecting the edges of the crown to the ground and measuring the length 
along one axis from edge to edge through the crown center can measure 
the width of a crown. . (Cris, 1999). 
There is a strong linear relationship between crown width and bole 
diameter. This relationship, expressed as a ratio of crown width to 
diameter at breast height, is called the crown ratio. (Cris, 1999). 
(Leech, J. 1984) stated that crown width for open-grown radiata pine in 
South Australia is linearly related to tree dbhob and that the relationship 
is independent of site quality.  
                                                                                                                  
2.5 Volume Models 
Stem volume is a function of a tree's height, basal area, shape, and bark 
thickness. It is, therefore, one of the most difficult parameters to measure, 
because an error in the measurement or assumptions for any one of the 
above factors will propagate to the volume estimate (Brack, 1999).                                      
Diameter at breast height explained most of the variability of the 
dependent variables (total stem volume, total aboveground stem, branches 
and leaves biomass). Wood density variations with stem height and leaf 
area index (LAI) were also investigated. (Giorgio et al 2004). 
Predicting forest growth and yield is of fundamental importance to forest 
managers. In North America, height of dominant and co dominant (free-
growing) trees in even-aged stands has been commonly used as a measure 
of forest productivity and a `driving' variable in many growth and yield 
models (G. Geoff et al 1999). 
 Because of the strong correlation between crown diameter and dbh, tree 
volume tables based on crown diameter (in place of dbh) can be compiled 
for use with aerial photographs (Brack, 1997).  
Like tree bole volume, an estimate of the total bole volume in a stand or 
plot is important for forests quantification and management. (Cris1999). 
There are a number of practical approaches to the determination of stand 
volume: (Cris, 1999). 
• Ocular estimate: An estimate of stand volume made by a 
skilled worker.  
• Sample tree: Select and measure the volume of an average 
tree, then inflate this value for the stand volume.  
• Enumerate the stand for dbh (and height) and use a tree 
volume table or equation to estimate the volume of each tree. 
Add the individual volume estimates to derive stand volume.  
• Derive and use a stand volume equation. 
Like tree volume equations, stand volume equations correlate stand 
volume to some expression of stand height (H), stand basal area (G) and 
stand form factor (F):  
 
V = H * G * F  
. (Cris1999). 
In modeling tree volume in Al Ein forest it was found that A. mellifera 
was significantly correlated to tree height, tree biomass and crown 
diameter as described in the following equations.  
V = 0.03395 x CD + 0.02491 x Ht – 0.227   (R2 = 0.7)  
V = -0.0211 + 0.00047 Biomass   (R2 = 0.94) 
V = - 0.2051 + 0.04909 CD    (R2 = 0.70) 
V = - 0.1621 + 0.05466 Ht    (R2 = 0.7) 
 (KTS 2003).  
As stated by (Häme et al., 1996), the models used to estimate the amount 
of broad-leaved trees were computed in two ways:  
1. by estimating the proportion of the broad-leaved trees in the 
total stem volume, and  
2. By estimating the volume of the broadleaved trees directly.  
Trees and forests are large and complex, but even something as 
difficult as the amount of wood they contain can be measured with 
quite unsophisticated equipment. Reasons for volume measurement.- 
Volume by xylometry.- Volume by sectional measurement.- Volume 
by importance or centroid sampling. (West, 2003). 
Crown diameter were used with regression models and cross 
validation to estimate plot-level field inventory data, including 
volume, biomass, basal area, and diameter at breast height (dbh). 
With the photogram metric techniques developed to assess tree height, 
volume, and biomass. Aerial stand volume tables are based on 
estimates of two or three photographic characteristics of the dominant-
co dominant crown canopy: average stand height, average crown 
diameter, and percent of crown closure (Avery and Burkhart 1994). 
 
2.6 Biomass Models        
Biomass distribution among the aboveground tree components was 
similar across the sample of harvested trees. Averaged across all sampled 
trees, the largest amount of biomass was in stem wood (average 87%) 
followed in order by branch wood (9%) and foliage (4%) (Hayato and 
Suzuki, 2003). 
 A method was developed to estimate the forest biomass of China based 
on the relationship between stand biomass and volume. Biomass–volume 
relationships were quantified for all the main forest types in China using 
758 sets of data obtained from direct field measurements. These 
relationships were used to convert volume measurements into total 
biomass values (above- and belowground dry masses) based on 1984–
1988 forest inventory data for China (Jing-yun Fang, et al, 1998).            
Crown weight is important in biomass studies and in assessing the weight 
of slash left after logging operations. Crown weight can be related to 
dbhob, site and stand density but only limited information of this type is 
available for Australian forest stands.                   
The size of a tree trunk or bole is of direct relevance to people interested 
in quantifying the amount of woody material, carbon or biomass in a tree. 
It is also related to other important tree parameters and may be an index 
of the quality of a site. (Cris, 1999). 
Diameter at breast height explained most of the variability in the 
dependent variables (total aboveground, stem, and branch biomass), 
while tree height was the second most important regressed in estimating 
foliage mass. (Dimitris et al, 2002). 
In the last few decades, considerable research effort has gone into 
estimating the biomass of individual trees and relating it to tree 
characteristics such as diameter at breast height (DBH), total height, etc. 
(Mikaelian and Korzukhin 1997). 
Stand- and regional-level forest merchantable volumes to estimates of 
total mass also includes separate equations for live, standing dead, 
aboveground only and full trees (including coarse roots), and for 
hardwood and softwood species. Example estimates are provided for 
 regional tree-mass totals using summary forest statistics for the United 
States. (Smith, et al 2003). 
It was also found by KTS 2003 during preparation of Al Ein working 
plan that the biomass of A. mellifera was highly dependant on crown 
diameter and tree height as shown in the following equations   
Biomass = - 420.26 + 110.531 CD  (R2 = 0.85) 
Biomass = -325.63 + 123.142 Ht  (R2 = 0.75 
 CHAPTER III 
MATERIALS AND METHODS 
 
3.1 Study Area 
 
This study was conducted at Al Ein forest reserve in North Kordofan 
State. 
Al Ein forest reserve is located 26 Km South - East of Elobeid town 
between latitudes 12 ْ  52 َand 13 ْ  40 َN. longitudes 30 ْ  10 َand 30 ْ  24 َE. 
The total area of the reserve is 42796.52 feddans (18643) ha. The forest 
tree vegetation is dominated by Acacia mellifera and Acacia nilotica. The 
forest was established mainly to protect the water reservoirs and supply 
Elobied town with firewood, charcoal, and small size construction wood. 
In 1989 SOS Sahel initiated a project for the management of the forest on 
sustainable basis. The whole management approach was centered on 
protection of the forest and tree establishment techniques using water – 
catchments. However the importance of management planning of Acacia 
mellifera and Acacia nilotica was only recently realized. 
 
3.2.1 Area 
 
Al Ein forest area is divided as shown in table 1. 
Table. 1 Al Ein forest area division 
    Type Area (feddan) 
Central forest 
Water reservoir 
Extension of the forest 
Total forest area 
24809.52 
  1850 
16137 
42796.52 
 
The total area of the forest covered by this study is 42796.52 feddan. The 
perimeters of the forest are fire lines of 6 – 8 meters width and 67 km 
length. 
  
3.2.2 Population 
 
Within the area a round Al Ein forest reserve, the main users of the forest 
are the nomads and sedentary farmers. (Estimation of users about 7500 
persons)  
 
3.2.2.1 Nomadic tribes 
 
As the rain starts to fall in South of Kordofan state both Baggara and the 
Abbala move northwards to avoid the muddy conditions and the Tsetse 
fly. This northward route passes through Al Ein forest, where the 
nomadic groups are officially allowed to reside from June to October. 
Once the rains cease, available surface water soon becomes scarce and 
the people make their way southwards again, Al Ein forest is virtually the 
northern limit of migration of Baggara.  
 
3.2.2.2 Sedentary tribes 
 
The sedentary tribes live around the forest reserve in areas where there is 
available water and land for farming. The people are mostly subsistence 
farmers, using shifting cultivation to produce Sorghum, millet, water 
melon, sesame, ground nut, Karkadeh and vegetables. Live stock rearing 
is of only secondary importance to the villagers, with goats and sheep in 
addition to their dependence on the forest as income generating source, 
especially during seasons of low crop production. 
 
3.2.3 Geology and soil 
 
Al Ein forest lies within the basement complex area (Hunting 1964). It is 
characterized by metamorphosed or recrystallized sediments and bedded 
volcanic rocks. This formation formed a platform for the deposition of 
 younger sedimentary rock. The soil is characterized by alkaline clay soil 
forming part of the clayey pediplain, which is locally named Gardud soil. 
Gardud soil can be further divided into two main groups’ namely high 
fertile cracking vertisols and low fertile non-cracking luvisols. In the 
extreme northeastern part of the forest there are scattered pockets of 
sandy soils (Goz). The soil within the forest can be classified into six 
groups: 
- GBG (Gardud Black Good) which is the most productive soil 
within the forest  
- GBF (Gardud Brown Fair) and GRF (Gardud Red Fair) which are 
reasonably fertile luvisol. 
- GBP (Gardud Brown Poor) and GRP (Gardud Red Poor) which are 
less fertile. 
- Goz neutral soil, which only occurs in the northeastern part of the 
forest reserve. 
3.2.4 Climate 
Al Ein forest is classified, as being in an arid to semi arid area with a 
mean annual rainfall between 150 to 450 mm (Tables 2 and 3). Rainfall 
is, however, variable and erratic. The mean annual maximum temperature 
is 34.7 ْC and the mean annual minimum temperature 19.9 ْC. in general, 
the mean maximum and minimum daily temperatures are lowest in 
January (31 ْ C, 13 ْ  C),  and highest in June (39 ْ C, 24 ْ C ).  
 
  Fig 1 shows the soil map of Al Ein forest 
  
Brown 
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Cracking Clay 
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Scale:- 1:10000 
Fig (1)   Soil map of Al Ein Forest Reserve 
 
 
Railway   
 Table (2) Rainfall Al Ein forest during (1990 – 2003) 
 
Season Total Rainfall (mm) 
1990 164.7 
1991 233.5 
1992 287.3 
1993 278.5 
1994 357 
1995 405 
1996 332.5 
1997 382.5 
1998 422.5 
1999 464 
2000 226.5 
2001 306 
2002 125 
2003 374.5 
  
Table (3) Mean annual rainfall (mm) 
 
 Period                                Rainfall (mm) 
1950-60 
1960-70 
361 
257 
1970-80 260 
1980-90 260 
1990-2000 321 
 
 3.2.5 Vegetation 
 
The distributions of soil types and tree species are strongly linked. This 
reflects the differing abilities of the various soils to retain moisture, rather 
than a distinct preference of a particular soil type. 
 
3.2.5.1 Natural woody vegetation  
 
Acacia mellifera is the climax species, which is well adapted to the hard 
clayey soils with its relatively shallow rooting system and tolerance of 
low soil moisture availability. Other species such as Adansonia digitata 
(Tabaldi), Tamarindus indica (Aradieb), Salvadora persica (Arak), 
Cordia monoica (Andrab), Albizia amara (Arad), Terminalia brownii 
(Subag) are found along khors while species like Grewia tenax (Gudiem), 
Balanites aegyptiaca (Higleeg), Albizia anthelmintheca (Gerf Eldud), 
Acacia nubica (Laot), Boscia senegalensis (Mukhiet), Zizphus 
spinachristi (Sidir), Lannea fruticosa (Lyon) are scattered in the Kitir 
area.      
 
 
3.2.5.2 Plantations 
  
 Acacia nilotica Planting has been practiced in all the areas subject to 
periodic water logging within the water reservoir area in the forest. Since 
restocking has taken place the area cannot be felled for many years except 
the proposed thinning program of the previous management plan during 
1996 - 1999. Khaya senegalensis (Mahogany) and Tamarix nilotica 
(Tarfa) were planted along the ridges. Other species such as Acacia seyal 
(Talih), Acacia tortilis (Seyal,) Acacia mellifera (Kitir), Acacia senegal 
(Hashab), Balanites aegyptiaca (Higleeg), Grewia tenax (Gudiem) and 
Adansonia digitata (Tabaldi) were planted by using water harvesting 
techniques in gardud soil and along wadies. 
 Grasses and herbs like Aristida plumosa (Gabash), Solanum dubium 
(Jubien), Commicarpus verticillatus (Raba’a), Aristida mutabilis (Gaw), 
Echinochloa colona (Diffra), Justica schimperi (Na’ana), Cymbopogon 
nervatus (Nal), Cenchrus biflorus (Haskaniet) and Cassia senna 
(sanasana) are found over the whole forest.        
 
3.2.5.3 Factors influencing vegetation 
 
1. Flooding: Damming of water for 4 - 6 months seems to be essential 
for successful growth of Acacia nilotica (sunt). 
2. Soil type and Topography. 
3. Rainfall. 
4. Water harvesting techniques: enhance the restoration of area and 
encourage natural regeneration of many indigenous tree species and 
improve the pasture quality and quantity.   
  
3.3 Constitutional and legal position 
 
Al Ein forest was listed in colonial time under a land acquisition dated 
22.2.1951. At that time, it was recommended that El Ain and Wad-Al 
Bacha be combined to make one reserve. The total area of this reserve 
was estimated to be 26659 feddans (11196.78 ha). This forest was then 
finally gazetted on 15th .4.1954 (Gazette number 867), with four rights of 
way through the forest. About a year later 1850 feddans (777 ha) were 
allocated for a water reservoir from the original reserve and round about 
the same time, a new Extension for the forest was acquired totaling 18650 
feddans (7896 ha) was gazetted on 30.9.1999 (Gazette number 9). The 
original estimates of the area and those made more recently roughly 
coincide with each other, differing only by a few hundred hectares. 
 
 
 
 3.3.1 Rights and privileges 
 
The forest was gazetted with four rights of way through the forest. 
1. Road of width 10 meters, known as Al Ein Elbangadeid road. 
2. Road of width 20 meters along the western boundary of the forest. 
3. Road of width 5 meters along the northern boundary. 
4. Road of width 20 meters along both sides of railway 
 
 
3.3.2 Boundaries 
  
A fire line cleared to a width of about 5 meters and 67-Km length defines 
the boundaries of the forest. This forest is divided into Sunut and Kitir 
circles in addition to the reverine forest along khors, which are defined by 
inspection lines cleared to a width of 2-3 Meters. Concrete boundary 
 posts were fixed along the boundaries at each change of direction 
(Bearing) only one concrete post (NO.48) was found out of 135 concrete 
posts. Generally the original map of ElAin and its extension shows the 
position of the boundary posts. 
 
3.4 Stocking 
 
The main species in the forest are Acacia mellifera (Kitir) and Acacia 
nilotica (Sunut); other species like Tabaldi, Higleeg, Subag, Sidir …etc. 
in addition to under canopies (weeds) are scattered all over the forest. 
Acacia nilotica (Sunut) species covers an area of 820.31 feddans was 
artificially seeded near the dam areas in mid 1950s and this is now 
occupying all the areas subject to seasonal water logging (Maya’s) of 
Khor Bagara and Khor Elnil. Since no treatment in Acacia nilotica 
(sunut) area took place as prescribed in the previous management plan 
except part of prescribed thinning program in some compartments, the 
thinned compartments show good performance, while unthinned 
compartments are poor in performance.    
Acacia mellifera (kitir) is the climax species in Al Ein region and it’s the 
predominant species in Elain forest in Gardud soil, covering an area 
31801.115 feddans. During the period 1962 – 1972 the Acacia mellifera, 
was clear felled, to supply the demand of charcoal & fuel wood to El 
Obied town. Scattered trees were left as mother trees, with spacing of 150 
meters for the purpose of natural regeneration. Table 4 shows the area 
distribution in El ain forest by tree species and land use. 
 
  
 
 
 
Table 4: Area distribution in Al Ein forest reserve by land use 
 
Type Area 
(feddans) 
Observation 
Acacia nilotica 820.31 Found in Khor Bagara and 
Khor Elnil 
Water reservoir 1850 Surrounded by A. nilotica forest 
in Khor Bagara and Khor Elnil 
Acacia mellifera 31801.1 Covering more than 75% of the 
total area of the forest  
Bare land (grazing area 
) 
4745.1 Represent the area affected 
severely by over grazing 
Gandeil company 3580 Area reforested with A. senegal 
Total area 42796.5  
 
3.5 Injuries to the crop 
 
Apart from illicit tree cutting by man and overgrazing by animals Al Ein 
forest dose not seem to be suffering from any other injuries.  
Fire, wild animals and birds are not considered to be a hazard for the 
forest, where as climbers cause some damages.   
3.6 Type of produce required: 
Fuel wood and charcoal are in great demand in El Obied & villages round 
the forest, these are the main products from the Sunut & Kitir of El Ain 
forest, in addition to non-timber products such as fruits & fodder. 
Like other Sudanese towns, El Obied is considered as one of the heavy 
consumers of woody forest products. Small part of El Obied demand is 
 provided by Al Ein forest reserve. According to the yield estimates in the 
new management plan, the annual yield of fuel wood ranges between 
3000 – 4000 m3 stack (Sunut) and 3000-m3 stack (Kitir). 
A great part of the deficit is covered by dead wood and charcoal from 
other parts of Kordofan Sector in addition to available energy alternatives 
like petroleum derivatives and other sources.   
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 3.7 Past Management 
 
Till 1993 there was no management plan and the only operation that took 
place was the clear felling of Kitir in the old forest during the period 
1962-1972 (the area was replanted).  
The only management plan for Al Ein forest was written in 1994 and 
sanctioned 1995,  
 
3.8 Methods of data collection and analysis 
 
The following equipment has been used to collect the data for both A. 
mellifera and A. nilotica from Al Ein reserved forest and Dilling circle. 
- Ranging rods 
- Sunto compass 
- Distance tape 
- Relascope 
- Calipers 
- Diameter tape 
- Data forms 
- Field Board 
- Balance 
The targeted numbers of trees were as follows  
250 trees A mellifera at Al Ein reserve  
75 trees A. nilotica at Al Ein reserve 
100 trees A. mellifera at Delling Forest circle  
75 trees A. nilotica at Delling Forest circle area. 
Trees in all sites were randomly selected and the data was collected as 
follows 
 3.8.1  A. mellifera  
 
Tree height: using ranging rods and distance tape 
Bole height: using distance tape 
Crown height: difference between tree height and bole height 
Average crown diameter: using compass and ranging rods to measure 
crown diameter in two directions south – north and west- east and then 
the average was calculated. 
Diameter at ground level: caliper was used to measure the diameter at 
ground level. 
Number of neighboring trees: measure the difference and the number of 
trees within the circle of radius 5 meter from the targeted trees which 
forms the center of the circle. 
Log diameter and log height: the targeted trees were felled and 
sectioned to small logs ranging between 0.5 meter to 1.5 meter in length 
then the bole diameter and the log height were measured (up to 2 cm 
diameter). 
Fresh biomass: using a balance the total fresh biomass of the tree and the 
fresh biomass of all branches of diameter > 2 cm and fresh biomass of 
diameter < 2 cm were weighed. 
Dry Biomass: Random sample from, each selected tree (representing all 
parts of the tree) were selected. An oven was used to dry the sample (at 
100 ْC) and the ratio between fresh and dry biomass was calculated.  
3.8.2  A. nilotica:  
The same methods as described for Kitir were applied to collect data from 
selected A. nilotica with slight differences, which can be summarized as 
follows: 
- Relascope was used to calculate tree height – bole height and crown 
height. 
 - The diameters were measured at breast height (D.B.H) 
- The log diameter was measured up to 5 cm.  
- For data analysis ready a variable computer programs were used, 
namely Excel and JMP.  
 CHAPTER IV 
RESULTS AND DISCUSION 
 
4-1 Relationships between different measurable parameters: (C.D-C.Ht-
D.GL-Tr.Ht-C.D2 D.GL2) were sought both for A. mellifera and A. 
nilotica in Al Ein forest reserve and Dilling.  4-1-1 Table (5) shows the 
relationships between fresh and dry biomass of the two studied species in 
Al Ein forest reserve and Dilling: 
 
Table (5) Relationship between fresh and dry biomass of sample taken 
from selected trees 
 
Location Species Total 
F.Bio/S.S.Tr 
(kgs) 
Total D. 
Bio/S.S.Tr. 
(kgs) 
% D/F 
Al Ein Acacia mellifera 42.585 34.976 82.13% 
Al Ein Acacia nilotica 24.850 16.443 66.17% 
Dilling Acacia mellifera 16.277 12.085 74.25% 
Dilling Acacia nilotica 16.546 12.127 73.29% 
 
Where: F.Bio/S.S.Tr is the fresh biomass of sample taken from selected 
tree and D. Bio/S.S.Tr. is the dry biomass of sample taken from selected 
tree.  
Table (5) Shows relationship between fresh and dry biomass of 
samples taken from selected tree, so as to predict dry biomass 
from the fresh one and to know the moisture content of the trees.  
 
4-1-2 Acacia mellifera 
Tree volumes were plotted against corresponding crown diameter. As 
shown in Figure (3) strong correlation was found between Acacia 
 mellifera tree volume and crown diameter. The relationship can be 
expressed by the following linear and polynomial formulas: 
4.1 Tree V.m3 = -0.0652 + 0.02005 C.D.m, r2=0.74, p<.0001 
4.2 Tree V.m3 = 0.02621 – 0.01923 C.D.m + 0.00384 C.D.m 2, r2= 
0.86, p<.0001 
Where: V = volume and C.D = average crown diameter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Equations: 4.1 and 4.2 indicate that A. mellifera average crown diameter 
significantly (p<0.0001) affects the tree volume, where 74% linearly 
and 86% polynomial of the volume variation can be explained by the 
variation in crown diameter. These results are in line with Vogt (1990), 
who found strong relationship between volume and a combination of tree 
height and crown diameter and Cris and Brack, (1999) who mentioned 
that measurement of the tree crown is often made to assist in the 
quantification and understanding of the tree. 
Figure (3) Relationship between A. mellifera tree volume and tree 
crown diameter at Al Ein forest as expressed by equations: 4.1 and 
4.2  
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 Figure (4) Represent strong linear and polynomial correlation 
between  
Equation 4.3 tree volume and (crown diameter) 2 with equations 
Tree V.m3 = -0.0263 + 0.0024 (C.D)2, r2= 0. 78, P<.0001 
Equation 4.4 Tree V.m3 = -0.0121 + 0.00127 (C.D)2+ 0.00002 
((C.D)2)2, r2= 0.80, p<.0001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
78% and 80% of the A. mellifera tree volume variation can be explained 
by average (C.D)2 significantly. This result indicates that average 
(C.D)2 can be considered as a good indicator for estimating  A. mellifera 
tree volume. 
 
Moderate linear relationship (r2 = 0.57, p<0.0001) and strong polynomial 
relationship (r2 = 0.67, p<0.0001) between tree volume and crown height 
was found as indicated by Equations:  
Figure (4) Relationship of A. mellifera tree volume and (crown 
diameter)2 at Al Ein forest as mentioned by equations:4.3 and 4.4 
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  4.5  Tree V.m3 = -0.0754 + 0.03274 C.Ht.m, r2=0.57, p<.0001 
4.6 Tree V.m3 = 0.05474 – 0.0474 C.Ht.m + 0.01142 C.Ht.m 2, r2=0.67, 
p<.0001 
Where: V= Volume and  C.Ht = crown height 
Polynomial equation seems to be more suitable for estimating the tree 
volume (r2=0.67) when using crown height as indicator since r2 is rather 
small (0.57) when using linear relationship 
(Figure 5) 
 
Strong linear and Polynomial relationships (p<0.0001) between A. 
mellifera tree Volume (V) and diameter at ground level (D.GL).was 
found 76%and 81% respectively of the variation in tree volume can be 
explained by the variation in the tree diameter at ground level. figure (6) 
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Figure (5) Effect of A. mellifera crown height on tree volume at Al Ein 
forest as expressed by equations (4.5 and 4.6) 
:  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Where: V= volume and D.GL= diameter at ground level 
This result is supported by other researchers Spurr (1952), Botkin et al. 
(1972), Kurz et al. (1992), Vanclay (1994) who mentioned that, both 
individual tree height and diameter are essential forest inventory 
measures for estimating tree volume. 
Figure (7) shows the relationship between tree height and tree volume. 
Equation 4.9 read: Tree V.m3 = -0.0809 + 0.0286 Tr Ht.m, r2, 0.63, 
p<.0001 and equation 4.10 read: Tree V.m3 = 0.05272 – 0.03956 Tr 
Ht.m + 0.00805 Tr Ht.m 2, r2=0.73, p<.0001 
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Figure (6) Correlation between A. mellifera tree volume and tree 
diameter at ground level 
Equation: 4.7 Tree V.m3 = -0.0418 + 0.00496 D.G.L.cm, r2= 0.76, 
p<.0001 and equation:4.8 Tree V.m3 = 0.00066 – 0.00095 
D.GL.cm + 0.00017 D.G.L.cm 2, r2=0.81, p<.0001 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Tree height significantly (r2= 0.63, 0.73 P=<.0001) affected tree 
volume of  A. mellifera . This result shows that tree height can be used as 
an indicator for tree volume prediction in A. mellifera. The same result 
was obtained by Botkin et al. (1972) and Kurz et al. (1992). This result is 
in line with Vogt (1990), who obtained a linear relationship between tree 
volume and tree height in the same area.   
As shown in Figure (8) strong relationship between tree volume and 
fresh biomass. Equation 4.11 read: <2.F.Bio.Kg = 10.0347 + 1116.12 
Tree V.m3, r2=0.91, P<.0001. 
Equation 4.12 read: <2.F.Bio.Kg = 7.85791 + 1291.21 Tree V.m3 – 
1423.64 reeV.m3 2, r2= 0.91, p<.0001 
Where: V= volume and <2.F.Bio= fresh biomass of less than tow 
centimeter in diameter. 
The relationship between those parameters is strongly significant (r2 = 
0. 91, p <0.0001). This result is in line with Kordofan technical sector 
Figure (7) Relationship between A. mellifera tree volume and tree 
height at Al Ein forest unexpressed by equations 4.9 and 4.10  
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 (KTS) (2003) work for the same species in the same area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (9) shows a highly significant linear and polynomial relationship 
between A. mellifera tree volume and diameter at ground level squared 
r2=0.75, P<.0001    
Figure (8) Effect of A. mellifera tree biomass on tree volume at Al Ein 
forest as expressed by equations: 4.11 and 4.12 
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Figure (10) linear and polynomial correlation between A. mellifera tree 
volume and crown height is exist (r2=0. 60, 0.62 p<.0001). This finding 
is of significance important in the calculation of the A. mellifera 
volume. This could be used as an indictor for proper management of A. 
mellifera in this area. 
 
 
Figure (9) Relationship between A. mellifera (diameter at ground 
level)2 and tree volume at Al Ein forest 
Equation: 4.13 Tree V.m3 = -0.0095 + 0.00017 (D.G.L)2, r2=0.75, 
P<.0001 
Equation: 4.14Tree V.m3 = -0.0087 + 0.00016 (D.G.L)2 + 7.24 
(D.G.L)2, r2=0.75, p<.0001 
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Investigating correlation between A. mellifera tree volume, diameter at 
ground level and height reflects a signicant and strong relationship 
between them as shown in table 6. 
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Figure (10) Correlation between A. mellifera tree volume and 
(crown height)2  at Al Ein forest 
Equation: 4.15 Tree V.m3 = -0.026 + 0.00517 CHT2, r2=0. 60, 
p<.0001 
Equation: 4.16 Tree V.m3 = -0.0081 + 0.00207 CHT2 + 
0.0001(CHT2)2, r2=0.62, P<.0001
 Table (6) Relationship between A. mellifera tree volume and diameter 
at ground level multiplied by height, squared diameter at ground level 
multiplied by height 
 
Equation 
No.  
Equation  r2 P 
4.17 Tree V.m3  = -0.0245 + 9.16 
DGL*HT 
  
0. 82 <.0001 
4.18 Tree V.m3  = -0.006 + 3.22 
DGL*HT + 3.2 DGLXHT2 
 
0.85 <.0001 
4.19 Tree V.m3  = -0.0017 + 2.95 
DGL2 * HT 
 
0. 83 <.0001 
4.20 Tree V.m3  = -0.0039 + 3.36 
DGL2 * HT – 8(DGL2XHT)2 
 
0.83 <.0001 
 
 
Strong linear and polynomial relationship Is found between A. 
mellifera tree volume and diameter at ground level multiplied by the 
height as in (Table 6), where (r2 = 0.82, 0.85, 0.83,and 0.83, p  
<.0001) respectively. However equation 4.18, gives the best result that 
can be used for computation of A. mellifera tree volume. 
Strong linear and polynomial relationship was found between A. 
mellifera tree volume, crown diameter and crown height as shown in  
 
Table (7) Relationship between A. mellifera tree volume and (crown 
diameter)*(crown height) and (crown diameter)2*(crown height) 
Equation 
No.  
Equation  r2 P  
  
 
Equations in Table (7), where (r2 = 0.78, 0.84, 0.84, p <.0001respectively). 
While equation 4.22, in the same table indicates lower relationship. 
Equation 4.23, and 4.24, is the best.    
 
Height / diameter relationship: 
A moderate linear and polynomial relationship was found between A. 
mellifera tree height and diameter at ground level (Figure 11) where           
(r2 =0.58, 0.59, P<.0001) 
4.21 Tree V.m3  = -0.0335 + 0.00403 
CD*CHT 
 
0.78 <.0001 
4.22 Tree V.m3  = -0.0043 + 0.0005 
CD*CHT + 0.00008 CD*CHT2 
 
0.44 <.0001 
4.23   
Tree V.m3  = -0.0105 + 
0.00047CD2XHT 
0.84 <.0001 
4.24 Tree V.m3  = -0.0081 + 0.00042 
CD2XHT + 1.5 CD2XHT2 
 
0.84 <.0001 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Linear and polynomial relationship (r2 0.63, P<.0001) was found 
between A. mellifera crown diameter and crown height. This 
relationship has a significant value in the management of  A. mellifera. 
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Figure (11) Correlation between A. mellifera tree height and 
diameter at ground level at Al Ein forest  
Equations: 4.25 Tr Ht.m = 2.00355 + 0.13207 D.G.L.cm, r2=0.58, 
P<.0001 
Equations: 4.26 Tr Ht.m = 1.37198 + 0.21811 D.G.L.cm – 0.00246 
D.G.L.cm 2, (r2 = 0.59, p<.0001) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (13) Shows strong linear and Polynomial relationship between 
<2 fresh biomass and average crown diameter (C.D). The equation 
reads: 
Equation: 4.29 <2.F.Bio.Kg = -80.643 + 26.6083 C.D.m, (r2 = 0.80, 
p<.0001). 
Equation: 4.30 <2.F.Bio.Kg   = 23.5681 – 17.6056 C.D.m + 4.24582 
C.D.m2, (r2 = 0.88, p<.0001) 
 80% and 88% respectively of the variation in fresh biomass can be 
explained by average crown diameter of A. mellifera. 
Figure (12) Relationship between A. mellifera crown diameter and 
crown height at Al Ein forest 
Equation:4.27 C.D.m = 0.40392 + 1.33326 C.Ht.m, r2=0.63, 
P<.0001 
Equation:4.28 C.D.m = -0.167 + 1.68448 C.Ht.m – 0.05 C.Ht.m2,          
(r2 = 0.63, p<.0001) 
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Figure (14) shows the relationship between crown height and fresh 
biomass of A. mellifera , where the equation 4.31read:- 
<2.F.Bio.Kg = -79.65 + 38.3331 C.Ht.m, r2, 0.61, P<.0001 
equation 4.32read:-  <2.F.Bio.Kg = 20.005 – 22.9714 C.Ht.m + 8.72573 
C.Ht.m 2, r2, 0.65, p<.0001 
61% linear and 65% polynomial of the variation in fresh biomass can 
be explained by crown height in A. mellifera. (r2 = 0.61 and 0.65, p = 
< 0.0001) Similar results were obtained by Cris and Brack (1999). The 
same result was obtained by KTC (2003) for the A. mellifera in the 
same area. 
 
0
50
100
150
200
2 3 4 5 6 7 8 9
 C.D.m
Figure (13) Correlation between A. mellifera biomass and crown 
diameter at Al Ein forest as shown by Equations: 4.29 and 4.3o 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (15) shows the relationship between fresh biomass of A.  
mellifera and tree height as indicated by the equation: 4.33 
 <2.F.Bio.Kg = -84.035 + 33.0487 Tr Ht.m, r2=0.63< P<.0001. 
And equation: 4.34 <2.F.Bio.Kg = 5.45603 – 12.482 Tr Ht.m + 
5.36161 Tr Ht.m 2, (r2 = 0.66, p<.000) 
This is also in line with the results obtained by KTS (2003) as reflected 
in the following equation  
Biomass = -325.63 + 123.142 Ht (r2 = 0.75, p<.000) 
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Figure (14) Relationship between A. mellifera biomass and crown 
height at Al Ein forest as expressed by equations: 4.31 and 4.32  
  
 
 
 
 
 
 
 
 
 
 
 
Figure (16) shows strong correlation between fresh biomass and tree 
diameter at ground level of A. mellifera. The equation 4.35 read:  
<2.F.Bio.Kg = -36.171 + 5.44236 D.G.L.cm, (r2 = 0.75, P<.0001) and 
equation 4.36 read: <2.F.Bio.Kg = -7.205 + 1.31518 D.G.L.cm + 
0.12553 .L.cm2, r2 =0.77, p<.0001 
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Figure (15) Relationship between A. mellifera biomass and tree 
height at Al Ein forest as expressed by equation: 4.33 and 4.34 
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Figure (16) Relationship between A. mellifera biomass and diameter at 
ground level at Al Ein forest as shown by equation 4.35 and 4.36 
 
  
As shown in figure (16), seventy five and seventy seven percent of the 
variation in A. mellifera tree fresh biomass can result from variation in 
tree diameter at ground level.   
 
Results in table (8) were obtained when investigating the relationship 
between Acacia mellifera tree volume and different types of biomass. 
As can be shown in this table highly significant relationships were 
found  
 
Table (8) Equations of Acacia mellifera at Al Ein Reserved forest 
 
Equation 
No. 
Equation r2 Significa
nce level 
4.37 Tree V.m3 = - 0.008 + 0.00109 < 2 
D.Bio. kg 
0.90 < 0.0001 
4.38 Tree V.m3 = - 0.008 + 0.00103 > 2 
D.Bio.kg 
0.90 < 0.0001 
4.39 Tree V.m3 = - 0.008 + 0.00084 > 2 F. 
Bio. Kg  
0.90 < 0.0001 
4.40 Tree V.m3 = - 0.008 + 0.00053 D.Bio. 
kg 
0.90 < 0.0001 
4.41  Tree V.m3 = - 0.008 + 0.00043 
F.Bio.kg 
0.90 < 0.0001 
 
Where D.Bio= dry biomass of samples from selected trees  
       F.Bio= fresh biomass of samples from selected trees 
 
4.1.3 Validation of A.mellifera developed equations 
All equations developed for A. mellifera at Al Ein forest were applied 
 and tested in Dilling area. Predicted volume and biomass by using these 
equations were compared by the actual volume and biomass calculated 
from data collected from A. mellifera at Dilling area. Table (9) shows 
the comparison between actual and predicted volume and biomass.  
Table (9) Comparison of actual Acacia mellifera volume \ biomass and  
Estimated ones  
 
Actual v0lume =1.29904 
Actual biomass =2201.4 
 
 
From table 9 it is obvious that all the models developed for A. mellifera in 
El Ain are moderately valid for use in Dilling forest reserve. This may be 
attributed to different site qualities. Better results were obtained when 
testing volume and fresh biomass models (expected biomass where 
89.73% of the actual biomass).  
  
4.1.4 Acacia nilotica 
 
Figure (17) shows the relationship between tree volume in cubic meter 
and average crown diameter in meter for  A. nilotica. This relationship 
could be expressed by:   
Equation 4.42 Tr.V = 0.10657 – 0.05437 C.D, r2 = 0.78, p<.0001.  
and equation 4.43  Tr.V = 0.10657 – 0.05437 C.D + 0.00883 C.D2 
, r2 = 0.88, p<.000 
PARAMETERS C.D (C.D)2 CHt (CHt)2 DGL (DGL)2 TrHt VOL 
EXP.VOL 2.75874
2.25649
2 2.25745 2.208179 0.79662 1.035737 2.515452  
%AC/EXP 47.09% 57.57% 57.54% 58.83% 163.07% 125.42% 51.64%  
EXP.BIO 4249.49  3506.18  1843.49  3851.62 2453.357
%AC/EXP 51.80%  62.79%  119.42%  57.16% 89.73%
 Where: Tr.V = tree volume and C.D = average crown diameter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (18) reflects the relationship between A. nilotica tree volume in 
cubic meter and crown height in meter. This relationship could be 
expressed by the following Equations: 
4.44 Tr.V = -0.133 + 0.03733 C.Ht, r2=0.37, P<.0001 and equation 
4.45 Tr.V = 0.04128 – 0.0236 C.Ht + 0.00502 C.Ht2, (r2 = 0.39, 
P<.0001) 
Where: Tr.V = tree volume and C.Ht = crown height  
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Figure (17) Relationship between A. nilotica tree volume in cubic 
meter and tree crown diameter which is shown in Equations: 4.42 
and 4.43  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Thirty 39% of the variation in tree volume could be explained by        
variation in crown height (r2 =0.39, p= <0.000).  
Figure (19) shows the relationship between tree height in meter and 
volume in cubic meter of A. nilotica . Fitting of linear and polynomial 
regression resulted in the following equations: 
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Figure (18) Relationship between A. nilotica tree volume and tree 
crown height at Al Ein forest as shown in equation 4.44 and 4.45 
  
4.46 Tr.V = -0.2027 + 0.03164 Tr.Ht, r2=0.54, P<.0001. and 4.47 Tr.V 
= -0.0782 + 0.00657 Tr.Ht + 0.00119 Tr.Ht2  (r2 = 0.55, P<.0001) 
Tree height explains some of variations (p = 0.0001, R2= 0.54) of A. 
nilotica tree volume.  Linear relationship between A. nilotica tree 
volume (V) and tree height (Tr Ht) exists. This result is in line with 
Spurr (1952), Botkin et al. (1972), Kurz et al. (1992), Vanclay (1994) 
who stated that individual tree height and diameter are essential forest 
inventory measures for estimating timber volume. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plotting of tree volume over diameter at breast height in cm is shown 
in figure (20). Both linear and polynomial relationships are very 
strong where (r2 =  0.83, 0.92 respectively and P<. 0001). 
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Figure (19) Relationship between A. nilotica tree volume and tree 
height at AlEin forest where expressed by equation 4.46 and 4.47 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Eighty three percent and ninety two percent of the variation in A. 
nilotica tree volume can be explained by Diameter at breast height 
(DBH) and (DBH)2 respectively So, (DBH)2 can be used as a very 
good indicator for prediction of A. nilotica tree volume 
 
 The study shows strong linear relationship between tree volume in 
cubic       meter and Biomass in Kg in Figure (21). This relationship can 
be      expressed by the formula: 
Equation: 4.50 Tr.V = 0.00088 + 0.00086 >5F.Bio, (r2 = 0.98, 
p<.0001)  
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Figure (20) Correlation between A. nilotica tree volume in cubic meter 
and tree diameter at breast height in cm at Al Ein forest 
Equation: 4.48 Tr.V = -0.1255 + 0.01515 D.B.H, (r2 = 0.83, P<.0001) 
Equation: 4.49 Tr.V = 0.03472 – 0.0079 D.B.H + 0.00072 D.B.H2, (r2 = 
0.92, P<.0001) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Each of the volume and biomass of A. nilotica can be used for 
predicting each other. Similar results were achieved by Nihlgärd 
(1972) and Mälkönen E (1974) who stated that to estimate the 
biomass, models were first computed for tree stem volume, which is 
closely connected with the biomass.  
 
A strong linear and polynomial relationship exists between the 
A.nilotica tree volume in cubic meter and crown diameter in meter. 
 Equation: 4.51 Tr.V = -0.0351 + 0.00426 (C.D), (r2 = 0. 81, p<.0001) 
And equation: 4.52 Tr.V = 0.10657 – 0.05437 C.D + 0.00883 (C.D)2, (r2  
= 0.88, p<.0001) as shown in figure (22) 
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0 100 200 300 400 500
>5F.Bio
Figure (21) relationship between A. nilotica tree volume and tree 
biomass at Al Ein forest as shown by equation: 4.50 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A highly significant linear and polynomial relationship was found 
between A.nilotica tree volume in cubic meter and square diameter at 
breast height in cm2  
 
Equation: 4.53 Tr.V = -0.0225 + 0.00049 (D.B.H)2 (r2 = 0. 91, 
P<.0001) 
And equation: 4.54 Tr. V = -0.0071 + 0.00034 (D.B.H)2 + 1.98 
(D.B.H2)2, (r2 = 0. 92, P<.0001) as in (Figure 23) 
Where: Tr.V = tree volume and D.B.H = diameter at breast height 
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Figure (22) Relationship between A. nilotica tree volume and tree 
crown diameter which is expressed by equation: 4.51 and 4.52 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As shown in table 10 investigations of relationships between A. 
nilotica tree volume and crown diameter indicates strong and 
significant effect of crown diameter on tree volume 
 
Table (10) Relationship between A. nilotica tree volume and, crown 
diameter  
   
Equation 
No.  
Equation  r2  P  
4.55 Tr.V = -0.0578 + 0.00465 
CD*CHT 
 
0. 73 <.0001 
4.56 Tr.V = -0.006 + 0.00124 
CD*CHT + 0.00004 
CDXCHT2   
 
0.75 <.0001 
4.57 Tr.V = -0.0088 + 0.00052 
CD2*CHt 
 
0. 82 <.0001 
4.58 Tr.V = 0.00201 + 0.00039 
CD2*CHt + 2.2CD2*VHt2  
0.83 <.0001 
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Figure (23) Relationship between A. nilotica tree volume and 
(diameter at breast height)2 at Al Ein forest as indicated by 
equations: 4.53 and 4.54 
  
Where: Tr.V = tree volume, C.D = average crown diameter and 
 CHt = crown height  
 
A strong linear relationship was found between A.nilotica tree volume 
in cubic meter and crown diameter in meter multiplied by crown 
height and crown diameter square multiplied by crown height in 
meter, equations in (table 10) where (r2 0.73, 0.75, 0.82, and 0.83,  p 
<.0001) respectively equation 4.58, gives the best result. 
 
Table (11) Relationship between A. nilotica tree volume diameter at 
breast height multiplied by tree height:   
  
Equation 
No.  
Equation  r2 P  
4.59 Tr.V = -0.0151 + 0.00002 
DBH*Ht 
 
0. 73 <.0001 
4.60 Tr.V = -0.0381 + 0.00003 
DBH*Ht – 3.9 DBHXHt2  
 
0.74 <.0001 
4.61 Tr.V = 0.00454 + 3.56-7 
DBH2*Ht 
 
0. 91 <.0001 
4.62 Tr.V = -0.0119 + 4.92 DBH2*Ht 
– 1.3-13 DBH2*Ht2 
0.93 <.0001 
 
 
A strong linear relationship was found between A. nilotica tree volume 
and diameter at breast height multiplied by tree height in cm and 
diameter at breast height square in cm2 multiplied by tree height 
equations as shown in (table 11) where (r2 =  0.73, 0.74, 0.91, and 
0.93,  p <.0001) respectively. The best result can be obtained by 
equation 4.62.  
 
 
  
 
 
 
 
 
 
 
Table (12) Relationship between A. nilotica tree volume, diameter at 
breast height square in cm2 and crown height square in m2  
 
Equation 
No.  
Equation  r2 P  
4.63 Tr.V = -0.0225 + 0.00049 
(D.B.H)2 
 
0.91 <.0001 
4.64 Tr.V = -0.0071 + 0.00034 
(D.B.H)2 + 1.98  
( (D.B.H)2) 2  
0.92 <.0001 
4.65 Tr.V = -0.0276 + 0.00312 
(C.HT)2 
 
0.38 <.0001 
4.66 Tr.V = -0.0076 + 0.00197 
(C.HT)2 + 0.00001 (C.HT2) 2  
 
0.39 <.0001 
   
Where: (D.B.H)2  = diameter at breast height square and  (C.HT)2 = 
crown height square 
A strong linear relationship exists between A.nilotica tree volume and 
diameter at breast height square and crown height square as shown by 
equations in (table 12) where (r2 =  0.91, 0.92, 0.38, and 0.39, p 
<.0001) respectively. However equations 4.63, and 4.64, give the best 
results.  
  
Figure (24) shows a week linear and polynomial relationship between 
A. nilotica diameter at breast height and tree height 
Equation: 4.67 D.B.H = 0.16502 + 1.36567 Tr.Ht, r2 = 0.53, P<.0001  
And equation: 4.68 D.B.H = -0.9988 + 1.60565 Tr.Ht – 0.01166 
Tr.Ht2 (r2 = 0.53 P<.0001)   
Where: D.B.H = diameter at breast height and Tr.Ht = tree height    
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Figure (24) Relationship between A. nilotica tree height and 
diameter at breast height at Al Ein forest which shows by equations: 
4.67 and 4.68 
  
When plotting A. nilotica crown diameter and crown height a rather 
week relationship existed.  
Equation: 4.69 C.D = 0.80835 + 0.7235 C.Ht, (r2=0. 39, p<.0001) 
And equation: 4.70 C.D = 2.3539 + 0.18319 C.Ht + 0.04453 C.Ht2,  
(r2 =0.39,p<.0001) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As presented in figure (26) A. nilotica average crown diameter had 
significant (p= <0.0001) effect on tree biomass. The relationship 
between A. nilotica fresh biomass and average crown diameter is 
strong (r2= 0.72). Similar results were also obtained by Siemon et al. 
(1980) when they examined the effect of thinning on the distribution 
and biomass of foliage in the crown of 23-year-old pinus radiata stand  
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Figure (25) Correlation between A. nilotica crown diameter and 
crown height at Al Ein forest as indicated by equation: 4.69 and 
4.70 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (27) shows the relationship between fresh biomass and crown 
height of A. nilotica. This relationship can be expressed by the 
formulas: 
Equation: 4.73 >5F.Bio = -127.05+ 37.6218 C.Ht, (r2 = 0.40, P<.0001) 
And equation: 4.74 >5F.Bio = 41.9125 – 21.8027 C.Ht + 4.92218 
C.Ht^2, (r2 = 0.39, P<.0001) 
Only 40% of the variation in A. nilotica tree biomass can be explained 
by the variation in crown height. Due to the low r2 value (0.40) it 
seems that model is not valid for use. 
Where: >5F.Bio = fresh biomass of more than 5 cm in diameter  
 C.Ht = crown height
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Figure (26) Relationship between A. nilotica >5 fresh biomass and 
average crown diameter at Al Ein forest.  
Equation: 4.71 > 5F.Bio = -160.27 + 49.8845 C.D (r2 = 0. 80, 
p<.0001) 
 And equation: 4.72 >5F.Bio = 126.172 – 63.259 C.D + 10.151 C.D2          
(r2 = 0. 90, p<.0001)
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Relationship was found between A. nilotica fresh biomass and tree height 
(Figure 28). Tree height significantly (p=0.0001) affects the fresh 
biomass but r2 is rather low = 0.44.  
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Figure (27) Relationship between A. nilotica biomass and tree crown height   
at Al Ein forest as indicated by equations: 4.73 and 4.74  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As indicated by (Figure 29) A. nilotica DBH significantly (p= <0.0001) 
affects fresh biomass of >5, so that 84% and 93% of the variation in fresh 
biomass of A. nilotica can result from variation in diameter at breast 
height. This result is in line with that obtained by KTS (2003).  
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Figure (28) Correlation between A. nilotica biomass and tree height 
at Al Ein forest 
Equation: 4.75 >5F.Bio = -184.97 + 30.7138 Tr.Ht, (r2=0.44, 
P<.0001) and equation: 4.76 >5F.Bio = -143.85 + 22.2036 Tr.Ht + 
0.41777 Tr.Ht2, (r2 = 0.44, p<.0001) 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table (13) shows relationship between tree volume and all types of fresh 
and dry biomass. All relationships are very strong where r2 is high (0.98-
0.74) 
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Figure (29) Relationship between A. nilotica Biomass and tree 
diameter at breast height at Al Ein forest 
Equation: 4.77 >5F.Bio = -129.51 + 16.1356 D.B.H, (r2 = 0.84, 
P<.0001) 
And equation: 4.78 >5F.Bio = 45.4202 – 9.94634 D.B.H + 0.8553 
(D.B.H)2, (r2 = 0.93, P<.0001) 
  
Table (13) equations of Acacia nilotica at Al Ein Reserved 
  
Equation 
No. 
                    Equations R2 Significance 
level 
4.79 Tree V.m3 = - 0.0065 + 0.00303 < 5 
D.Bio. kg 
0.74 <0.0001 
4.80 Tree V.m3 = - 0.0065 + 0.002 < 5 
F.Bio.kg 
0.74 <0.0001 
4.81 Tree V.m3 = 0.00088 + 0.00131> 5 
D.Bio.kg 
0.98 <0.0001 
4.82 > 5 F. Bio. Kg = - 79702 + 2.29919 
<5 F.Bio.kg 
0.74 <0.0001 
4.83 > 5 F. Bio. Kg = - 7.9702 + 
3.48685 < 5 D.Bio.kg  
0.74 <0.0001 
 
 
4.1.5 Validation of A. nilotica equations 
 
As it was the case of A. mellifera, all equation developed for A. nilotica 
at Al Ein forest were applied for testing in Dilling area. Predicted 
volume and biomass by using these equations were compared by the 
actual volumes and biomass calculated from data collected from A. 
nilotica at Dilling area. Table (14) shows the comparison between 
actual and predicted volumes and biomass.  
 
 
 
 
 Table (14). Comparison between actual Acacia nilotica volume and 
biomass and estimated ones.  
Average volume =  5, 77384 
Average biomass = 7840, 45 
 
 
 
In contrast to the case of A. mellifera most of Acacia nilotica equations 
developed in Al Ein area gave a precise and good prediction of volume 
and biomass in Dilling area. All models of both volume and biomass give 
a high validity with exception of tree height models.
PARA C.D (C.D)2 CHt (CHt)2 DBH (DBH)2 TrHt BIO 
EX.V 6,7922655 7,14265 5,00068 2.208179 5,490555 5,700054 3,1158 6,80879
%AC/EXP 85% 80,84% 115,46% 58.83 105,16% 101,29% 155,60% 80,84%
EXP.BIO  828,29  5563,99  6159,34  4478,65  
%AC/EXP 100,16%  140,91%  127,29%  174,71%  
   
CHAPTER V 
Conclusions and Recommendations 
 
5.1 Conclusions: 
 
 A. mellifera  
• Average crown diameter of A.mellifera strongly affected the tree 
volume. 
• A. mellifera diameter at ground level is essential for calculating the 
tree volume. 
• Tree height is a good indicator for tree volume. 
• Each of tree volume and tree biomass can be used to predict the 
value of the other  
• Prediction of fresh biomass can be explained by average crown 
diameter. 
• There is a fair relationship between crown height and fresh 
biomass  
•  Diameter at ground level is a good indicator to predict fresh 
biomass  
• Biomass has strong linear and polynomial relationship with some 
measured parameters in this study (e.g. DBH, crown diameter, tree 
height) 
• Both A.mellifera tree volume and biomass have less relationship 
with crown height and crown height squire 
• Both crown diameter square and diameter at ground level square 
are very essential to predict A.mellifera tree volume 
• Prediction of A.mellifera tree volume can be strongly explained by 
crown diameter multiplied by crown height and diameter at ground 
level multiplied by tree height  
  
 
A.nilotica 
• There is strong linear and polynomial relationship between average 
crown diameter and tree volume  
• Crown height shows weak relationship with tree volume  
• Tree diameter at Brest height can be used as a very good indicator 
for prediction of  tree volume and tree fresh biomass  
• Crown diameter significantly affects tree fresh biomass  
• Tree crown height shows a weak relationship with fresh biomass   
• There is a week relationship between tree height and fresh biomass  
• There is strong relationship between fresh biomass and DBH 
• Relationship between A.nilotica tree volume and fresh biomass is 
very strong 
• Diameter at Brest height square and crown diameter square were 
very strongly affected A.nilotica tree volume 
• Prediction of  A.nilotica tree volume can be precisely achieved by 
one of crown diameter multiplied by crown height or diameter 
Breast height multiplied by tree height 
 
5.2 Recommendations: 
 
 Acacia mellifera  
• Prediction of tree volume using average crown diameter, diameter 
at ground level and fresh biomass were highly recommended. 
• Prediction of biomass using average crown diameter and diameter 
at ground level, were highly recommended. 
 • A.mellifera tree height and crown height for prediction of tree 
volume is not recommended but it is recommended to predict fresh 
biomass 
• Relationship between tree volume and both crown diameter 
multiplied by crown height and diameter at ground level multiplied 
by tree height were recommended    
• Developed equations of tree volume using diameter at ground level 
and fresh biomass were valid for both Al Ein and Dilling area  
• Developed equations of biomass using diameter at ground level is 
valid for both Al Ein and Dilling area  
Acacia nilotica  
•  Using of developed equations of tree volume using average crown 
diameter, diameter at Breast height and fresh biomass were 
strongly recommended. 
• Developed equation of tree biomass using average crown diameter, 
diameter at Breast height was highly recommended.  
• Developed equations of both tree volume and tree fresh biomass 
using tree height were not recommended  
• Prediction of tree volume using crown diameter square, diameter at 
Breast height square were highly recommended 
• Developed equations of tree volume and both crown diameter 
multiplied by crown height and diameter at ground level multiplied 
by tree height were highly recommended    
• Developed models between tree volume, diameter at Brest height, 
crown height, fresh biomass were highly valid for both Al Ein and 
Dilling area and recommended to be used in both areas. 
• Developed relationship between tree fresh biomass and average 
crown diameter, diameter at Breast height were highly valid for 
 Acacia nilotica in both Al Ein and Dilling area so it is 
recommended to be used only for Acacia nilotica in both areas 
 
 
 
• Developed equations for tree volume using average crown 
diameter, tree height and tree fresh biomass using crown height and 
tree height were found to be valid only for Acacia nilotica in Al 
Ein and Dilling area.  
• For further validation, all valid ( in Al Ein and Dilling) models for 
both Acacia nilotica and A.mellifera  recommended to be tested in 
other areas specially in forests along khors and rivers 
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 CHAPTER VII 
 
Appendixes 
 
 
7.1 Acacia mellifera equations: 
 
 
P r2 Equations 
<.0001 0.91<2.F.Bio.Kg = 10.0347 + 1116.12 Tree V.m3 
<.0001 0.91 <2.F.Bio.Kg = 7.85791 + 1291.21 Tree V.m3 – 1423.64 
reeV.m3 
<.0001 0.90Tree V.m3 = - 0.008 + 0.00109 < 2 D.Bio. kg 
<.0001 0.90Tree V.m3 = - 0.008 + 0.00103 > 2 D.Bio.kg 
<.0001 0.90Tree V.m3 = - 0.008 + 0.00084 > 2 F. Bio. Kg 
<.0001 0.90Tree V.m3 = - 0.008 + 0.00053 D.Bio. kg 
<.0001 0.90Tree V.m3 = - 0.008 + 0.00043 F.Bio.kg 
<.0001 0.88<2.F.Bio.Kg   = 23.5681 – 17.6056 C.D.m + 4.24582 
C.D.m2 
<.0001  0.86 Tree V.m3 = 0.02621 – 0.01923 C.D.m + 0.00384 C.D.m 2 
<.0001 0.85
. Tree V.m
3  = -0.006 + 3.22 DGL*HT + 3.2 DGLXHT2 
 
<.0001 0.84Tree V.m3  = -0.0105 + 0.00047CD2XHT 
<.0001 0.84Tree V.m3  = -0.0081 + 0.00042 CD2XHT + 1.5 
CD2XHT2 
 
<.0001 0.83Tree V.m3  = -0.0017 + 2.95 DGL2 * HT 
 
<.0001 0.83 Tree V.m3  = -0.0039 + 3.36 DGL2 * HT – 
8(DGL2XHT)2 
 
<.0001 0.82Tree V.m3  = -0.0245 + 9.16 DGL*HT 
 
<.0001 0.81 Tree V.m3 = 0.00066 – 0.00095 D.GL.cm + 0.00017 
D.G.L.cm 2 
<.0001  0.80Tree V.m3 = -0.0121 + 0.00127 (C.D)2+ 0.00002 ((C.D)2)2 
<.0001 0.80<2.F.Bio.Kg = -80.643 + 26.6083 C.D.m 
<.0001  0.78 Tree V.m3 = -0.0263 + 0.0024 (C.D)2 
<.0001 0.78Tree V.m3  = -0.0335 + 0.00403 CD*CHT 
 
<.0001 0.77 :<2.F.Bio.Kg = -7.205 + 1.31518 D.G.L.cm + 0.12553 
.L.cm2 
 P r2 Equations 
<.0001 0.76Tree V.m3 = -0.0418 + 0.00496 D.G.L.cm 
<.0001 0.75Tree V.m3 = -0.0095 + 0.00017 (D.G.L)2 
<.0001 0.75 Tree V.m3 = -0.0087 + 0.00016 (D.G.L)2 + 7.24 (D.G.L)2 
<.0001 0.75 <2.F.Bio.Kg = -36.171 + 5.44236 D.G.L.cm 
<.0001 0.74Tree V.m3 = -0.0652 + 0.02005 C.D.m 
<.0001 0.73Tree V.m3 = 0.05272 – 0.03956 Tr Ht.m + 0.00805 Tr 
Ht.m2  
<.0001  0.67 Tree V.m3 = 0.05474 – 0.0474 C.Ht.m + 0.01142 C.Ht.m 2 
<.0001 0.66 <2.F.Bio.Kg = 5.45603 – 12.482 Tr Ht.m + 5.36161 Tr 
Ht.m 2 
<.0001 0.65<2.F.Bio.Kg = 20.005 – 22.9714 C.Ht.m + 8.72573 
C.Ht.m 2 
<.0001 0.63Tree V.m3 = -0.0809 + 0.0286 Tr Ht.m 
<.0001 0.63C.D.m = 0.40392 + 1.33326 C.Ht.m 
<.0001 0.63C.D.m = -0.167 + 1.68448 C.Ht.m – 0.05 C.Ht.m2 
<.0001 0.63<2.F.Bio.Kg = -84.035 + 33.0487 Tr Ht.m 
<.0001 0.62 Tree V.m3 = -0.0081 + 0.00207 CHT2 + 0.0001(CHT2)2 
<.0001 0.61<2.F.Bio.Kg = -79.65 + 38.3331 C.Ht.m 
<.0001 0.60Tree V.m3 = -0.026 + 0.00517 CHT2 
<.0001 0.59 Tr Ht.m = 1.37198 + 0.21811 D.G.L.cm – 0.00246 
D.G.L.cm 
<.0001 0.58Tr Ht.m = 2.00355 + 0.13207 D.G.L.cm 
<.0001  0.57 Tree V.m3 = -0.0754 + 0.03274 C.Ht.m 
<.0001 0.44Tree V.m3  = -0.0043 + 0.0005 CD*CHT + 0.00008 
CD*CHT2 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
   
7.2 Acacia nilotica equations: 
  
P R2  Equations 
<.0001 0.98 Tr.V = 0.00088 + 0.00086 >5F.Bio 
<.0001 0.98Tree V.m3 = 0.00088 + 0.00131> 5 D.Bio.kg 
<.0001 0.93Tr.V = -0.0119 + 4.92 DBH2*Ht – 1.3-13 DBH2*Ht2 
<.0001 0.93 >5F.Bio = 45.4202 – 9.94634 D.B.H + 0.8553 (D.B.H)2 
<.0001 0.92 Tr.V = 0.03472 – 0.0079 D.B.H + 0.00072 D.B.H2 
<.0001 0.92 Tr.V = -0.0071 + 0.00034 (D.B.H)2 + 1.98 (D.B.H2)2 
<.0001 0.92Tr.V = -0.0071 + 0.00034 (D.B.H)2 + 1.98  
( (D.B.H)2) 2 
<.0001 0.91Tr.V = -0.0225 + 0.00049 (D.B.H)2 
<.0001 0.91Tr.V = 0.00454 + 3.56-7 DBH2*Ht 
<.0001 0.91Tr.V = -0.0225 + 0.00049 (D.B.H)2 
<.0001 0.90 >5F.Bio = 126.172 – 63.259 C.D + 10.151 C.D2 
<.0001 0.88 43  Tr.V = 0.10657 – 0.05437 C.D + 0.00883 C.D2 
<.0001 0.88 Tr.V = 0.10657 – 0.05437 C.D + 0.00883 (C.D)2 
<.0001 0.84>5F.Bio = -129.51 + 16.1356 D.B.H 
<.0001 0.83Tr.V = -0.1255 + 0.01515 D.B.H 
<.0001 0.83 Tr.V = 0.00201 + 0.00039 CD2*CHt + 2.2CD2*VHt2 
<.0001 0.82Tr.V = -0.0088 + 0.00052 CD2*CHt 
<.0001 0.8151 Tr.V = -0.0351 + 0.00426 (C.D) 
<.0001 0.80> 5F.Bio = -160.27 + 49.8845 C.D 
<.0001 0.78Tr.V = 0.10657 – 0.05437 C.D 
<.0001 0.75Tr.V = -0.006 + 0.00124 CD*CHT + 0.00004 CDXCHT2 
<.0001 0.74Tr.V = -0.0381 + 0.00003 DBH*Ht – 3.9 DBHXHt2 
<.0001 0.74Tree V.m3 = - 0.0065 + 0.00303 < 5 D.Bio. kg 
<.0001 0.74Tree V.m3 = - 0.0065 + 0.002 < 5 F.Bio.kg 
<.0001 0.74> 5 F. Bio. Kg = - 79702 + 2.29919 <5 F.Bio.kg 
<.0001 0.74 > 5 F. Bio. Kg = - 7.9702 + 3.48685 < 5 D.Bio.kg 
<.0001 0.73Tr.V = -0.0578 + 0.00465 CD*CHT
<.0001 0.73Tr.V = -0.0151 + 0.00002 DBH*Ht 
<.0001 0.55 Tr.V = -0.0782 + 0.00657 Tr.Ht + 0.00119 Tr.Ht2   
<.0001 0.54Tr.V = -0.2027 + 0.03164 Tr.Ht 
<.0001 0.53D.B.H = 0.16502 + 1.36567 Tr.Ht 
<.0001 0.53D.B.H = -0.9988 + 1.60565 Tr.Ht – 0.01166 Tr.Ht2 
<.0001 0.44>5F.Bio = -184.97 + 30.7138 Tr.Ht 
<.0001 0.44 >5F.Bio = -143.85 + 22.2036 Tr.Ht + 0.41777 Tr.Ht2 
<.0001 0.40>5F.Bio = -127.05+ 37.6218 C.Ht 
<.0001 0.39 Tr.V = 0.04128 – 0.0236 C.Ht + 0.00502 C.Ht2 
<.0001 0.39Tr.V = -0.0076 + 0.00197 (C.HT)2 + 0.00001 (C.HT2) 2 
 P R2  Equations 
<.0001 0.39C.D = 0.80835 + 0.7235 C.Ht 
<.0001 0.39 C.D = 2.3539 + 0.18319 C.Ht + 0.04453 C.Ht2 
<.0001 0.39 >5F.Bio = 41.9125 – 21.8027 C.Ht + 4.92218 C.Ht^2 
<.0001 0.38Tr.V = -0.0276 + 0.00312 (C.HT)2 
<.0001 0.37Tr.V = -0.133 + 0.03733 C.Ht 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
7.3 Validation of A. mellifera equations: 
7.3.1Volume Equations 
 
 
Parameters from Dilling Act. Vol./Exp.Vol. % 
DGL 163.07% 
(DGL)2 125.42% 
(CHt)2 58.83% 
C.D)2 57.57% 
CHt 57.54% 
TrHt 51.64% 
C.D 47.09% 
 
 
 
 
 
 
  
7.3.2 Biomass Equations 
 
 
Parameters from Dilling Act. Bio./Exp. Bio. % 
DGL 119.42% 
VOL 89.73% 
CHt 62.79% 
TrHt 57.16% 
C.D 51.80% 
 
 
 
 
  
 
 
 
 
 
 
 
 
  
  
7.4Validation of A. nilotica equations: 
 
7.4.1Volume Equations 
 
Act. Vol./Exp.Vol. % Parameters from Dilling
155,60% TrHt 
115,46% CHt 
105,16% DBH 
101,29% (DBH)2 
80,84% C.D)2 
80,84% BIO
85% C.D 
58.83% (CHt)2 
   
  
  
 
 
7.4.2  Biomass Equations 
 
Parameters from Dilling Act. Bio./Exp. Bio. % 
TrHt 174,71% 
CHt 140,91% 
DBH 127,29% 
C.D 100,16% 
 
 
  
 
 
